Introduction
Dopamine is a neurotransmitter that is released in the retina during daylight conditions. The modulatory effect of dopamine has been reported in most types of retinal neurons, which is attributable to dopamine signaling conveyed primarily by volume transmission. Dopamine has been shown to regulate coupling between photoreceptors to facilitate cone functions (Ribelayga et al., 2008; Jin et al., 2015) , coupling of horizontal cells to alter the efficacy of retinal inhibitory modulation (Mangel and Dowling, 1985; Dong and McReynolds, 1991; Hampson et al., 1994; Xin and Bloomfield, 1999) , and connexin 36 between AII amacrine cells to reduce rod-mediated signaling (Deans et al., 2002; Urschel et al., 2006; Kothmann et al., 2009 ). In the inner retina, dopamine modulates the activity of ganglion cells (Vaquero et al., 2001; Ogata et al., 2012; Van Hook et al., 2012) and bipolar cells (Maguire and Werblin, 1994; Wellis and Werblin, 1995; Ichinose and Lukasiewicz, 2007) .
Despite this accrual of knowledge, the location of dopamine receptors to specific retinal neurons has not been fully investigated.
Among the five types of dopamine receptors (D1-like: D1 and D5 receptors; D2-like: D2, D3, and D4 receptors), D1 receptors (D1Rs) are expressed in many neurons of the retinal network, while D2-like receptors are detected in photoreceptors and dopaminergic amacrine cells (Cohen et al., 1992; Veruki and Wässle, 1996; Mora-Ferrer et al., 1999; Stella and Thoreson, 2000; Witkovsky, 2004) . Veruki and Wässle (1996) analyzed D1R localization in the rat retina using immunocytochemical methods and reported that the D1R was expressed in bipolar cell types 5, 6, and 8, but not in type 2.
Approximately a dozen bipolar cell types have recently been elucidated in many species; however, D1R expression has not been re-examined, possibly due to difficulties associated with D1R immunolabeling in somas (Caille et al., 1996; Deng et al., 2006) .
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7 tetrahydrochloride hydrate (DAB) with 0.006% hydrogen peroxide. Sections were then dehydrated through graded concentrations of alcohol, cleared in xylenes, and coverslipped with Permount® mounting medium (Thermo Fisher Scientific). All light microscopy images were captured by a Zeiss Axiophot microscope fitted with a MicroFire camera (Carl Zeiss, Oberkochen, Germany).
For ISH, sections were rinsed in 2× saline-sodium citrate (SSC; 1×SSC is 0.15 M sodium chloride and 0.015 M sodium citrate, pH 7.0) and acetylated at room temperature in 0.25% acetic anhydride in 0.1M triethanolamine (TEA, pH 8) for 15 min. Sections were washed in distilled water, dehydrated in graded concentrations of alcohol and air-dried for 30 min. Each slide was covered with 70 µl hybridization buffer (50% formamide, 10% dextran sulfate, 3× SSC,1×Denhardt's solution, 0.1 mg/ml yeast tRNA,10 mM dithiothreitol, and 50 mM sodium phosphate buffer, pH 7.4) containing 2.5×10 6 dpm of the 35 S-labeled D1R cRNA probe (accession# NM010076; nucleotides 1484-2196).
Sections were coverslipped, loaded into a humidified chamber, and placed in an oven at 55°C for 18
hours. After hybridization, sections were rinsed in 2× SSC and incubated in 200 µg/ml ribonuclease A in 10 mM Tris-HCl, 0.5 M NaCl, pH 8 at 37 °C for 1 hour. Stringent washes were performed by incubation in decreasing concentrations of SSC (2×, 1×, and 0.5×) at room temperature followed by 0.1× SSC for 1 hour at 70 °C. Sections were washed in distilled water, dehydrated in graded concentrations of alcohol, and air-dried.
To visualize hybridization, sections were loaded into a film cassette with Biomax MR autoradiographic film (Carestream Health, Rochester, NY) and stored for 4-10 days in a darkroom before film development. As a positive control, the D1R cRNA probe was hybridized to thin sections of mouse striatum. The results showed heavy labeling within the caudate/putamen, nucleus accumbens, and olfactory tubercle, and lower levels of signal in the cerebral cortex and septal nucleus (data not shown). We also processed controls to confirm the specificity of D1R mRNA expression in retinal sections. Signal denoting D1R mRNA hybridization was detected in sections incubated with 35 S-
8 labeled D1R cRNA anti-sense probe ( Figure 1B1 ), but not in retinal sections hybridized to 35 S-labeled D1R cRNA sense probe or in sections pre-treated with RNAse followed by hybridization to 35 Slabeled D1R cRNA anti-sense probe ( Figure 1B2-B3 ). These results provide evidence for specific D1R cRNA probe detection of endogenous D1R mRNA.
For combined IHC and ISH, sections were first processed for IHC as described and then fixed again post-DAB development using 4% paraformaldehyde for 15 minutes. Following extensive rinsing, sections were dehydrated in graded concentrations of alcohol and placed in xylenes to remove pap pen residue. Sections were then rehydrated and the ISH procedure was performed as described with successful hybridization verified on autoradiographic film. Sections were dipped in Ilford K5D emulsion (Polysciences, Warrington, PA) for 16-28 days prior to development and coverslipping.
Immunofluorescence and Antibody characterization
Retinal thin sections and whole-mount preparations were washed several times in 0.1 M PBS and blocked in a solution containing 3% normal donkey serum (NDS) and 0.5% Triton-X 100 in PBS for 1 hour at room temperature. Primary antibodies generated in different host species were diluted in 1% NDS and 0.5% Triton-X 100 in PBS. Sections were incubated with primary antibodies overnight at room temperature and whole-mount preparations with filter paper attached were incubated for 3 days at 4 °C. Following primary antibody incubation, retinal tissues were washed and incubated in a mixture of secondary antibodies, conjugated with Alexa 488, 568, 594, or 647 (Life Technologies, Carlsbad, CA) at room temperature for 2 hours. The dilution for secondary antibodies ranged from 1:200-1000. Sections were washed and coverslipped using ProLong Gold antifade reagent (Life Technologies). The preparation was viewed with a confocal microscope (TCS SP2 or SP8, Leica, Wetzlar, Germany) using a 63× oil, 63× water or 20× water immersion objective lens. Images were captured at a resolution of 1024×1024 pixels or 1024×256 pixels, with line and frame average setup Accepted Article 9 to 3. The z-step for stack images was 0.3 µm and the zoom factor was 2.5 or 3.0. For double-or triple-labeled tissue, the sequential scanning was performed to eliminate crosstalk between channels and to separate signals from each other.
Details of the primary antibodies used are provided in Table 1 and Table 2 . In transgenic mouse lines,
anti-GFP and anti-dsRed were used to obtain stronger GFP/YFP signals and tdTomato fluorescence, respectively. All antibodies were purchased from vendors or gifted from scientists. All antibodies have been characterized and are listed in JCN (RRID). Dopamine D1 receptor, CtBP, and ribeye antibodies were characterized and compared to previous reports ( Figures 1D , 5B).
Protein isolation and Western blot
Retinas from Drd1a-tdTomato (n=2) and C57BL/J6 (n=2) wild-type mice were dissected and placed in ice-cooled radioimmunoprecipitation assay (RIPA) buffer (Thermo Scientific, cat.no. 89900) and homogenized. Protein concentrations were determined using the BCA Protein Assay Kit (Thermo Fisher Scientific, cat. no. 23227) and 80 µg protein samples were run on 10% acrylamide gels. Then, the preparation was incubated with donkey secondary antibodies; Alexa 568 anti-rabbit and Alexa 647 anti-goat (Life Technologies) for 2 hours at room temperature. The slice preparation was carefully placed on a histo-bond slide, which was sealed with anti-fade reagent (ProLong Gold, Life Technologies) and coverslipped.
Data analysis
D1R mRNA expression in the ISH experiments was analyzed by counting silver grains within a 6.6 µm circle positioned over the center of tdTomato-positive (n=171) or tdTomato-negative (n=103) somata across the inner nuclear layer (INL) from the vertical retinal sections processed for combined IHC and ISH. The numbers of grains per tdTomato-positive or -negative cell were averaged across nine retinal images obtained from three tdTomato mice and compared by paired t-test (alpha <0.05).
Image analysis was performed using AutoQuant X3 and Image-Pro Premier 3D software (Media Cybernetics, Rockville, MD). We used the deconvolution, 3D, and colocalization analysis functions.
For image deconvolution, spherical aberration was auto-detected for each channel based on objective lens immersion refractive index (RI), specimen mounting medium RI and distance from the coverslip. The 3D confocal images were then deconvoluted.
Cell markers and tdTomato fluorescence colocalization was initially examined by rotating the 3D images and by analyzing series of single optical sections (0.3 µm thick) from collected z-stack images. We also used mathematical analysis. For OFF bipolar cells, we measured fluorescent intensities of both markers and tdTomato across somas using AutoQuant X3. Brightness of images
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12 was set at sub-saturated levels. Arbitrary fluorescence of both markers and tdTomato was normalized to the maximum intensity of cell markers, and plotted across the cell (edges designated 0% and 100%).
For small objects such as CtBP puncta colocalization analysis, we performed two-dimensional cross correlation coefficient analysis using a custom Matlab (MathWorks, Natick, MA) code (TI wrote) (Soto et al., 2011; Zinchuk et al., 2011) . Images of CtBP puncta and HCN1 were excised (3 × 3 µm). Single digital sections (0.3 µm) of two colors are separated into two grayscale images. Background noise levels were reduced to 0 levels. 2D correlation coefficient program compares two images dot by dot using the equation:
The maximum of correlation coefficient is 1. The correlation coefficient of images was compared to that of images when one channel was rotated 90°. The correlation coefficient was plotted in 3D mesh graph using Matlab.
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Results
Drd1a-tdTomato mouse
Dopamine is a key molecule for retinal daytime function. We used the Drd1a-tdTomato line 6 BAC transgenic reporter mouse to investigate cell-type specificity of D1R expression in the retina. These mice express tdTomato fluorescence driven by the D1R gene locus, as demonstrated in medium spiny neurons of the striatum known to express the endogenous D1R (Ade et al., 2011; Thibault et al., 2013) .
Within the retina, expression of tdTomato was observed in cell bodies of many neurons located in the INL and ganglion cell layer (GCL), as well as dendrites and axons in both the outer plexiform layer (OPL) and the IPL ( Figure 1A ). No tdTomato was found in photoreceptors in the outer nuclear layer (ONL). To determine whether tdTomato was localized to authentic D1R neurons, we performed ISH Nevertheless, the grains were highly concentrated over tdTomato-positive cells, indicating that D1Rs are primarily expressed in tdTomato cells of the retina.
We also analyzed whether tdTomato-expressing cells colocalized with D1R immunoreactivity. The specificity of this antibody in mouse retinal tissue was assessed by immunoblot ( Figure 1D ) and found to be consistent with previous reports (Jarvie et al., 1989; Luedtke et al., 1999) . D1R
immunoreactivity was observed in the OPL and part of the IPL (n=3 mice, Figure 
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First, an anti-neurokinin 3 receptor (NK3R) antibody was used to identify both type 1 and 2 OFF bipolar cells. Synaptotagmin 2b (Syt2b) co-labeling was employed to distinguish type 2 OFF bipolar cells (Figure 2A-2D ). All type 1 OFF bipolar cells (*, NK3R-only) were found to colocalize with tdTomato, an observation that was confirmed with fluorescence intensity analysis (18 cells, n=2 mice; Figure 2E ). Type 2 OFF bipolar cells, labeled both with NK3R and Syt2b antibodies, were all tdTomato negative (78 cells, n=4 mice; Figure 2F ).
Second, other antibodies were used that were selective for single types of OFF bipolar cells, and we were able to determine tdTomato colocalization. Type 3a bipolar cells were labeled with HCN4, which were all tdTomato negative (22 cells, n=3 mice; Figure 3A -3B). Type 3b cells were labeled with protein kinase A (PKA) RIIβ, which were all tdTomato positive (56 cells, n=3 mice; Figure 3C -3D).
Type 4 cells were labeled with calsenilin (Csen), which were all tdTomato positive (81 cells, n=3 mice;
To verify the colocalization of OFF bipolar cell markers with tdTomato, we compared baseline fluorescence levels outside of cells (-20 to 0% location in Figure 2E , 2F, 3B, 3D, and 3F) to levels obtained from the center of the cell (40 to 60% location in Figure 2E , 2F, 3B, 3D, and 3F and 4 were D1R-expressing bipolar cells, whereas types 2 and 3a were D1R-negative.
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ON bipolar cells
The in a mono-layer fashion, as reported originally by Helmstaedter et al. (2013) . These cells also responded to light transiently similar to type 5-2 cells. In addition, we found that type 5-2 and XBC cells express Na + channels and HCN channels (paper in submission).
To investigate whether type 5 cells colocalized with tdTomato, we initially tried neurobiotin injection.
We labeled five type 5 cells; three cells colocalized with tdTomato ( Figure 4A ). Two other cells did not colocalize with tdTomato ( Figure 4B ). The former resembled type 5-XBC and the latter looked like the
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type 5-1 cell. However, because of the inefficiency of neurobiotin injection to label type 5 cells, we sought an additional approach to identify this cell type.
Immunostaining with the Hyperpolarization-activated Cyclic Nucleotide-gated potassium channel 1 (HCN1) antibody revealed HCN1 localization near the ON ChAT band where axon terminals of type 5 ramify ( Figure 5A ) (Muller et al., 2003; Cangiano et al., 2007) . We tested whether HCN1 signaling was a marker for a subset of type 5 cells and if these cells colocalized with tdTomato. HCN-1 immunoreactivity was observed in the entire IPL with strong signals in the s3 stratum ( Figure 5A ). To examine whether HCN1 immunoreactivity colocalized with bipolar cell terminals, we used CtBP2
antibody, a ribbon synapse marker. CtBP2 antibody was verified (Methods, Figure 5B1 -B2). We found that the majority of CtBP puncta in the area colocalized with strong HCN1 signaling ( Figure 5C , and 5D), which was confirmed by 2D correlation coefficient analysis ( Figure 5F ). This result suggested that HCN1 is a type 5 ON bipolar cell marker. We conducted neurobiotin injection to individual type 5 cells and found that type 5-2 and XBCs colocalized with bright HCN1 signaling (paper in submission). HCN1 strong signaling completely colocalized with tdTomato fluorescence, indicating that type 5-2 and XBCs express D1Rs ( Figure 5E , 5G).
We investigated whether type 5-1 cells also colocalized with tdTomato. We counted CtBP2 puncta in a layer of the IPL where HCN1 strong immunoreactivity was observed. We found that the majority of CtBP puncta in the layer colocalized with HCN1 signaling and a portion of the puncta did not colocalize with HCN1 ( Figure 5D and 5H). The minor portion of CtBP puncta without HCN1 immunoreactivity (15.3 ± 1.2%, n=12 fields) is likely from type 5-1 bipolar cells because type 5-2 and XBC cells colocalized with HCN1. We also counted CtBP puncta with tdTomato fluorescence at the same layer near ON ChAT band. Similarly, a portion of CtBP (18.7 ± 1.4%, n=10 fields) did not colocalize with tdTomato ( Figure 5I ). No differences were observed between CtBP puncta vs. HCN1 and the puncta vs. tdTomato (P=0.08), suggesting that type 5-1 cells did not colocalize with tdTomato.
Taken together, these results suggest that type 5-1 cells did not express D1Rs.
Colocalization of type 6 bipolar cells with tdTomato was examined using Syt2b, a marker for types 2 and 6 of bipolar cells ( Figure 6A1 ). Entire structures of type 2 cells were intensely labeled, while only axon terminals of type 6 cells were observed in the inner portion of the IPL ( Figure 6A ) (Wässle et al., 2009 ). Syt2b-positive type 6 axon terminals colocalized with tdTomato (n=3 mice, 20 fields; Figure 6 A1-A2). This is confirmed with 2D cross-correlation coefficient analysis ( Figure 6B ). This observation was consistent with neurobiotin staining of type 6 cells (n=4 cells, data not shown), indicating that type 6 ON bipolar cells express D1Rs.
To investigate type 7 bipolar cells and tdTomato colocalization, we used the Gus-GFP mouse line (Huang et al., 1999; Huang et al., 2003) in which type 7 bipolar cells are strongly GFP positive and rod bipolar cells (RBCs) are weakly labeled ( Figure 6C ). We generated double transgenic mice with Drd1a-tdTomato line 6 and Gus-GFP strains and examined evidence for GFP and tdTomato colocalization ( Figure 6C1-C2 ). The majority of type 7 GFP cells were tdTomato positive (91 / 95 cells, 96%, 3 mice), indicating that type 7 ON bipolar cells express D1Rs. In contrast, all GFP positive RBCs were negative for tdTomato (117cells, n=3 mice).
Type 8 and 9 cells are fewer in number compared to other types (Haverkamp et al., 2005; Helmstaedter et al., 2013) , and our tdTomato-targeted neurobiotin injections did not label them. Type 9 bipolar cells receive synaptic inputs exclusively from genuine S-opsin-expressing cone
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19 photoreceptors (S-cones) (Haverkamp et al., 2005) . We therefore investigated if tdTomato-expressing cells extended their processes to the genuine S-cone terminals. In the mouse retina, M-and S-opsinexpressing cones are unevenly distributed (Szel et al., 1992; Haverkamp et al., 2005) . Both M-and S-opsin-expressing mixed cones are located on the ventral side of the retina. In the dorsal retina, the majority of cones are genuine M-opsin-expressing cells, while the minority are genuine S-cones (Haverkamp et al., 2005) . We used an S-opsin antibody to label genuine S-cones in the dorsal retina and investigated processes of tdTomato-expressing cells. A small number of the S-cone terminals were labeled in dorsal retinal sections ( Figure 7A ), whereas many cones were labeled with S-opsin in the ventral retina ( Figure 7B ), indicating genuine S-cones on the dorsal side and mixed-S and M cones on the ventral side. We detected tdTomato-stained processes attached to the genuine S-cones ( Figure 7A , inset).
To investigate whether the tdTomato-labeled processes were from type 9 bipolar cells, we generated double transgenic mice from tdTomato-Drd1a and the Clomeleon 1 (Clm 1-YFP/CFP) transgenic mouse line, in which YFP fluorescence was observed in type 9 cells (Haverkamp et al., 2005) . We confirmed that type 9 bipolar cells extended dendrites toward the genuine S-cones, and did not colocalize with tdTomato expression (n=15 cells, 4 mice, Figure 7C1 -C3). These results indicate that type 9 bipolar cells are tdTomato negative and do not express D1Rs. Processes of tdTomatoexpressing cells attaching to genuine S cone terminals were from other types of bipolar cells, such as types 2, 3, 4, and 7 or horizontal cells ( Figure 7D ,E) (Breuninger et al., 2011) .
Finally, we used a protein kinase C alpha (PKCα) antibody to examine D1R expression in rod bipolar cells (RBCs). RBCs did not colocalize with tdTomato-expressing cells (104 cells, n=3 mouse; Figure   8A ), which is consistent with the results in Figure 6C and a previous report (Veruki and Wässle, 1996) .
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Taken together, D1Rs were expressed in bipolar cell types 1, 3b, 4, 6, and 7 but not in types 2, 3a,9
or rod bipolar cells. Three groups of type 5 cells expressed D1Rs differently: XBCs and type 5-2 cells expressed D1Rs, whereas type 5-1 cells did not colocalize with D1R-tdTomato fluorescence.
Horizontal cells and AII amacrine cells
We also examined whether horizontal cells and AII amacrine cells colocalized with tdTomato because gap junctions in horizontal cells are controlled by dopamine and AII-AII couplings might be controlled by ON bipolar cell activity (Hampson et al., 1992; Bloomfield and Volgyi, 2009; Kothmann et al., 2012) . We used disabled-1 (dab-1) antibody to specifically label AII amacrine cells in mouse retina (Rice and Curran, 2000) and investigated whether dab-1-immunolabeled AII cells colocalized with tdTomato.
Our results showed that the majority of dab-1-immunoreactive cells were not colocalized with tdTomato (arrows in Figure 8C1 -C3), suggesting that AII amacrine cells do not express D1Rs.
However, ~25% of dab-1-labeled cells were positive for tdTomato (10 out of 41 cells, n=2 mice; arrowheads in Figure 8C1 -C3). We decided to perform another experiment to confirm this result. It is known that AII amacrine cells are surrounded by dopaminergic fibers that are immunoreactive for tyrosine hydroxylase (TH) and form ring-like structures around AII somas at the INL/IPL border (Voigt and Wässle, 1987; Volgyi et al., 2014) . In wholemount retinal preparations, we observed TH ring-like formations and the majority of rings were not filled with tdTomato cells (asterisks in Figure 8D1 , D2).
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Discussion
Drd1a-tdTomato line-6 BAC transgenic mouse
Bacterial artificial chromosome (BAC) technology is a method by which large regions of DNA can be introduced into the mouse genome via recombination-mediated genetic engineering. However, BACs may contain "extra"′ genes in addition to the original target gene. The Drd1a-tdTomato line 6
contains an extra gene, Sfxn1. Further experiments revealed that this unwanted extra gene does not alter the fidelity of tdTomato expression in the correct cell population (Ting and Feng, 2014) .
tdTomato fluorescence is limited to D1R-expressing cells as previously confirmed in the striatum (Ade et al., 2011) and so we took advantage of this mouse to examine cell-type specific D1R expression in the retina.
Because the Drd1a-tdTomato mouse line has not been used for retinal research, we used ISH and a D1R antibody to verify that D1R signals colocalized with tdTomato ( Figure 1 ). We found evidence for mRNA colocalization in tdTomato-positive cells, as well as processes labeled with the D1R antibody that also colocalized with tdTomato fluorescence (Figure 1 ). These data confirm D1R expression in tdTomato-expressing cells of the retina. tdTomato fluorescence was observed in the dendrites, somas and axon terminals in most neurons (Figures 2, 3 , 4, 6 and 8) while the D1R antibody stained mainly processes in the IPL ( Figure 1E2 ). These findings demonstrate that this mouse line is a useful tool for analyzing D1R-expressing cells in the retina.
D1 receptor expression in retinal bipolar cells
D1R expression in bipolar cells has not been well studied. Veruki and Wässle (1996) analyzed D1 receptor immunoreactivity in the rat retina and found that type 5, 6, and 8 cone bipolar cells, and
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25 bipolar cells receives mixed inputs both from cones and rods. If D1Rs are expressed in mixed rod/cone input bipolar cells, dopamine might play a role in switching from rod-dominant to conedominant signaling. Types 3a, 3b, 4, and 7 receive mixed inputs Tsukamoto et al., 2007; Haverkamp et al., 2008) while types 1 and 2 receive inputs only from cones (Haverkamp et al., 2006) (Figure 9 ). Rod and cone mixed inputs types do not match D1R-expressing bipolar cell types, and thus, D1R signaling might not play a role in changing the dominancy of rod-and coneinputs.
Two bipolar cell types are designated color-coded cells. Type 9 cells are S-cone-selective blue ON bipolar cells whereas type 1 cells are M-opsin selective green OFF bipolar cells ( Figure 9 ). All other bipolar cells receive inputs both from S-cones and M-cones (Breuninger et al., 2011; Ichinose et al., 2014) . D1R-expressing bipolar cell types do not match chromatic pathways; thus dopamine may not have a major role in color vision.
Similarly, dopamine might not play a role in gap junction regulation in bipolar cells. Gap junctions are electrical synapses that are dynamically regulated by illumination. Although ON cone bipolar cells make gap junction connections with AII amacrine cells, nitric oxide appears to be the key regulator rather than dopamine (Mills and Massey, 1995) .
AII-AII coupling is regulated both by dopamine and ON bipolar cell activity through postsynaptic Nmethyl-D-aspartate (NMDA) receptors (Kothmann et al., 2009; Kothmann et al., 2012) . Our results
showed that 25 % of AII amacrine cells express D1Rs, while others do not express D1Rs ( Figure 8C-8D ). This might indicate that there are multiple regulation systems of AII-AII couplings. Ichinose and Lukasiewicz (2007) demonstrated that dopamine reduces the voltage-gated Na + current, resulting in reduced light-evoked responses in a subset of bipolar cells in the salamander retina. This is consistent with observations in the mammalian retina using electroretinogram (ERG) analysis (Mojumder et al., 2008; Smith et al., 2014) . Voltage-gated channel activity is regulated by G-proteincoupled receptor (GPCR)-mediated phosphorylation which can be a target of dopamine modulation (Surmeier et al., 1992; Cantrell et al., 1997; Catterall, 2000; Cantrell and Catterall, 2001 ). Voltagegated channels are heterogeneously expressed among bipolar cells (Connaughton and Maguire, 1998; Pan, 2000; Puthussery et al., 2013) . Although we do not currently know which types of bipolar cells possess GPCR-regulated voltage-gated channels, this may be the target of dopamine for modulating bipolar cell visual signaling. Because the time course of voltage-gated channel activation is tightly regulated by its own channel properties, channel activity might modulate time-domain of visual processing, temporal processing.
Detailed maps of temporal tuning in bipolar cells have been described by several groups (Baden et al., 2013; Borghuis et al., 2013; Ichinose et al., 2014) . Bipolar cell light responses are roughly divided into two types: transient and sustained responses to step-light stimuli reflection of high and low temporal tuning, respectively (Awatramani and Slaughter, 2000; Euler and Masland, 2000; Ichinose et al., 2005) . Figure 9 integrates the findings of the present study with previous results from our laboratory Ichinose and Hellmer, 2015) . This summary highlights the significance of understanding D1R distribution across the different types of bipolar cells as related to (Jarvie et al., 1989; Luedtke et al., 1999) . ( 
